A Gram-stain-positive strain, designated DT7-02 T , was isolated from the surface-sterilized root of Oenotherabiennis (evening primrose) and subjected to taxonomic characterization. Cells of DT7-02 T were slender rod-shaped, motile by means of flagella, and oxidase-and catalase-positive. The colonies were circular, pinkish-yellow, opaque, glistering and 1-2 mm in diameter. The strain was moderately thermophilic and halophilic, as growth occurred at 20-44 C (optimum 40 C), pH 7-10 (optimum pH 8-9) and in the presence of 0-8 % of NaCl (optimum 4 %) in tryptic soy broth. The analysis of 16S rRNA gene sequences indicated that the strain represented a member of the genus Pseudogracilibacillus of the family Bacillaceae, and the sequence similarity was 96.5 % with Pseudogracilibacillus auburnensis P-207 T and 95.9 % with Pseudogracilibacillus marinus NIOT-bflm-S4 T . Other related taxa were Ornithinibacillus contaminans DSM 22953 T and Sinibacillus soli KCTC 33117 T , with 16S rRNA gene sequence similarities of 95.4 and 94.3 %, respectively. The major cellular fatty acids of DT7-02 T were anteiso-C 15 : 0 , anteiso-C 17 : 0 and iso-C 16 : 0 . The DNA G+C content was 35.1 mol%, and the respiratory quinone was MK-7. The major polar lipids were phosphatidylglycerol, diphosphatidylglycerol and phosphatidylethanolamine. The combination of chemotaxonomic properties enabled differentiation of DT7-02 T from the other two species of the genus Pseudogracilibacillus. The results of phylogenetic, phenotypic and chemotaxonomic analyses demonstrate that strain DT7-02 T (=KCTC 33854 T =JCM 31192 T ) merits recognition as representing a novel species of the genus Pseudogracilibacillus, for which the name Pseudogracilibacillus endophyticus sp. nov. is proposed.
The genus Pseudogracilibacillus, belonging to the family Bacillaceae, was first proposed by Glaeser et al. [1] with Pseudogracilibacillus auburnensis P-207 T isolated from rhizosphere as the type and only species. A second species, Pseudogracilibacillus marinus NIOT.bflm.S4 T isolated from marine biofilm, has been recently described by Verma et al. [2] . Members of the genus Pseudogracilibacillus are all neutrophilic aerobes and form endospores. They grow well at 37 C on tryptic soy agar. They have genomic DNAs with G+C contents in the range between 34 and 39.1 mol%, meso-diaminopimelic acid as the diagnostic cell wall diamino acid, diphosphatidylglycerol and phosphatidylethanolamine as diagnostic polar lipids, menaquinone-7 as a major respiratory quinone, and anteiso-C 15 : 0 and anteiso-C 17 : 0 as the main fatty acids [1, 2] .
Endophytic bacteria are known to have various activities associated with plants, including plant growth-promoting potential. An endophyte is a microbial endosymbiont that lives within a plant for at least part of its life cycle without causing apparent disease [3] . Endophytic bacteria have been found in all species of natural plants studied to date; however, the relationships between endophytes and plant hosts are not completely understood yet [4] . Some endophytes may enhance host growth, nutrient acquisition, resistance to insects, plant pathogens and herbivores and tolerance to abiotic stresses such as drought [5, 6] . Like other symbiotic microbes associated with plants, such as mycorrhizal fungi, endophytic bacteria gain nutrition from their association with the plant host [7] .
During the course of a study on the diversity of culturable aerobic bacteria from inner plant roots, a number of novel bacterial strains were isolated. One strain, designated DT7-02 T , was isolated from the root of evening primrose (Oenothera biennis), purified and routinely cultivated on tryptic soy agar at 30 C.
Genomic DNA extraction and PCR amplification of the 16S rRNA gene followed previously described procedures [8] .
The PCR product was purified using Nucleospin Gel and PCR clean-up kits (Macherey-Nagel) and sequenced using the service of Macrogen (Seoul, Republic of Korea). Multiple alignments with related sequences and similarity calculation were carried out using the MEGA6.0 program [9] and EzTaxon-e server (http://www.ezbiocloud.net.eztaxon) [10] . Aligned nucleotides were used for phylogenetic analysis. Phylogenetic trees were reconstructed using the neighborjoining method [11] with the Jukes-Cantor model [12] , and also with maximum-parsimony [13] and maximumlikelihood [14] algorithms using EzEditor [15] and MEGA6.0 programs. The topology of the neighbor-joining tree was evaluated by performing a bootstrap analysis [16] based on 1000 replications.
A stretch of 1446 nucleotides of 16S rRNA gene sequence was determined for DT7-02 T . The strain was found to cluster with species of the genus Pseudogracilibacillus, P. auburnensis P-207 T (96.5 % sequence similarity) and P. marinus NIOT.bflm.S4 T (95.9 % sequence similarity). The clustering of the three taxa was supported by a high bootstrap level and also by different tree making algorithms ( Fig. 1 ). Apart from the species of the genus Pseudogracilibacillus, Ornithinibacillus contaminans DSM 22953 T (95.4 % sequence similarity) and Sinibacillus soli KCTC 33117 T (94.3 % sequence similarity) were found to be the mostly related neighboring strains. On the basis of the low level of sequence similarity of the 16S rRNA gene with those of related taxa, DT7-02 T was clearly distinguishable from the other two species of the genus Pseudogracilibacillus at the species level [17] .
The colony morphology was observed after the cells were grown on TSA with 4 % NaCl (pH 8) for 3 days at 40 C. Cell shape, size, motility and flagellation were observed by transmission electron microscopy using the same culture conditions. The formation of endospores was examined using a light microscope with the hanging-drop technique [18] and the Scheaffer-Fulton staining method [19] .
Growth under anaerobic conditions was tested by using the GENbox anaer kit (bioM erieux) and TSA with 4 % NaCl (pH 8) for 2 weeks at 40 C. Growth on different media was examined on nutrient broth (NB; Difco), tryptic soy broth (TSB; Difco), R2A broth (Difco) and PYE broth (1 % peptone from casein, 1 % yeast extract, pH 7.2) at 30 C for 7 days with shaking at 160 r.p.m. The temperature range for growth was tested at 4, 10, 15, 20, 25, 30, 35, 37, 40, 45, 50 and 55 C on TSA for 7 days. The growth pH range was tested at pH 4-12 at 1 pH unit intervals using TSA with 4 % NaCl at 40 C for 7 days. The pH of the medium was adjusted with 3 M HCl or 1 M NaOH. The salt-dependent growth was tested at 0-10 % NaCl with 1 % unit intervals using TSB at 40 C for 7 days with shaking at 160 r.p.m.
The colonies of DT7-02 T were pinkish-yellow, circular, raised, opaque with entire margins. Cells were slender rods (0.7 µm wide and 1.8-2.6 µm long) with flagella ( Fig. S1 , available in the online version of this article). Spherical endospores were formed at terminal positions. The growth of DT7-02 T was good in TSB and PYE broth, but poor in NB, and no growth was observed in R2A broth. No growth was observed under anaerobic conditions. On TSA, DT7-02 T was able to grow at 20-44 C, pH 7-10, and 0-8 % NaCl concentration. DT7-02 T was moderately thermophilic and halophilic, as the strain grew optimally at 40 C, pH 8-9 and 4 % NaCl. The thermophilic and halophilic growth was distinctive for DT7-02 T , the combination of which again clearly separated the strain from the other two species of the genus Pseudogracilibacillus [1, 2] .
Catalase and oxidase tests were performed using 3 % aqueous hydrogen peroxide by bubble production and Kovac's oxidase reagent [20] by colour change, respectively. Hydrolytic activities for starch, casein, Tween 80, tributyrin and DNA were evaluated after 14 days under optimal growth conditions using TSA as the basal medium. Each substrate was added at 0.3 % (soluble starch), 5 % (casein) or 1 % (Tween 80 and tributyrin) to the medium. DNA degradation was detected using DNase agar (Difco), and cellulose degradation using carboxymethyl cellulose (CMC) agar (carboxymethyl cellulose 10 g, K 2 HPO 4 [21] . Other biochemical and physiological characteristics were examined using API ZYM, API 20NE and API 50CH test kits according to the instructions of the manufacturer (bioM erieux).
DT7-02 T was positive for catalase and oxidase, with bubbles and blue colour changes, respectively. No activities were observed for amylase, cellulase, protease, lipase for tributyrin or Tween 80, and DNase. Phosphate solubilization and siderophore production were also negative, and thus no remarkable plant growth-promoting activities were observed. The results for API ZYM, 20NE and CH50 tests are given in the species description and in Tables S1 and S2. The combination of cultural and physiological properties enabled differentiation of DT7-02 T from the other two species of the genus Pseudogracilibacillus ( Table 1) .
The DNA G+C content (mol%) was examined by the fluorimetric thermal denaturation method as described previously [22] . The cellular fatty acids were extracted according to the standard protocol of the Sherlock Microbial Identification System (MIDI; version 6.0) [23] . Biomass of DT7-02 T and the reference strains was obtained from growth on TSA with 4 % NaCl (pH 8) at 40 C for 3 days. The fatty acid methyl esters were analyzed by gas chromatography, and then identified using the RTSBA database (version 6.0). For polyamine analysis, wet biomass of DT7-02 T and the reference strains was suspended in 0.2M HClO 4 and 200 nmol 1, 8-diaminooctane. After reaction at 100 C for 30 min and centrifugation, the upper layer was mixed with 30 mg Na 2 CO 3 and 6 mg dansyl chloride for dansylation under dark condition. The dansylated mixture was reacted at 60 C and 5 mg proline was added. Polyamines were extracted in toluene, spotted on a silica TLC plate (10Â10 cm, Merck), and detected under UV light after development. The mobile phase for development consisted of chloroform and trimethylamine (4 : 1, v/v). The cell wall amino acids, respiratory quinones and polar lipids were analyzed as described previously [22] .
The G+C content of the genomic DNA of DT7-02 T was calculated as 35.1±0.6 mol%. The main fatty acids (>10 %) were anteiso-C 15 : 0 (47.7 %), anteiso-C 17 : 0 (24.8 %) and iso-C 16 : 0 (15.7 %), and C 16 : 0 (2.7 %), iso-C 14 : 0 (2.1 %) and iso-C 15 : 0 (1.7 %) were present in minor amounts ( Table 2 ). The fatty acid profile of DT7-02 T was clearly distinguishable from those of the other two species of the genus Pseudogracilibacillus in the relative compositions of the main fatty acids. DT7-2 T and P. auburnensis P-207 T were clearly different from each other in that iso-C 16 : 0 and iso-C 14 : 0 were the major components in the latter. DT7-2 T also differed from P. marinus NIOT-bflm-S4 T in the relative proportions of iso-C 15 : 0 and iso-C 17 : 0 . The polyamines detected from DT7-02 T were spermine, spermidine, cadaverine and putrescine. MK-7 was the sole menaquinone. The polar lipids consisted of phosphatidylglycerol (PG), diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE), an unidentified aminophospholipid (APL), an unidentified phospholipid (PL), and an unidentified lipid (L) (Fig. S2) . The diagnostic diamino acid was meso-diaminopimelic acid (DAP), and alanine and glutamic acid were also present as main amino acids. The chemotaxonomic properties clearly enabled distinction of DT7-02 T from the other two species of the genus Pseudogracilibacillus, as the menaquinone composition distinguished the strain from P. auburnensis P-207 T and the polar lipid composition and DNA G+C content distinguished the strain from P. marinus (Table 1) . It is therefore evident that DT7-02 T merits recognition as representing a novel species of the genus Pseudogracilibacillus, for which the name Pseudogracilibacillus endophyticus sp. nov. is proposed.
DESCRIPTION OF PSEUDOGRACILIBACILLUS ENDOPHYTICUS SP. NOV.
Pseudogracilibacillus endophyticus (en.do.phy¢ti.cus. Gr. pref. endo-within; Gr. neut. n. phyton, plant; N.L. masc. adj. endophyticus within plant, pertaining to the original isolation from plant tissues).
Cells are Gram-stain-positive, aerobic, oxidase-and catalase-positive, endospore-forming and motile by means of flagella. Endospores are formed at the terminal position within cells. After growth on TSA supplemented with 4 % NaCl (pH 8) for 3 days at 40 C, colonies are pinkish-yellow in colour, circular with entire margins, raised, glistering and moist. Growth occurs at 20-44 C (optimum, 40 C), pH 7-10 (optimum, 8-9) and with 0-8 % (w/v) NaCl (optimum, 4). According to the API 20NE test, nitrate is reduced to nitrite and aesculin is hydrolyzed, but indole production, Dglucose fermentation, L-arginine dihydrolase, urease, gelatin hydrolysis and b-galactosidase activities, and assimilation of D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetylglucosamine, D-maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid are negative. According to the API ZYM test, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, trypsin, a-chymotrypsin, naphthol-AS-BI-phosphohydrolase and N-acetyl-b-glucosaminidase activities are positive, but alkaline phosphatase, lipase (C14), cystine arylamidase, acid phosphatase, a-galactosidase, b- Table 1 . Differential phenotypic properties between strain DT7-02 T and type strains of other species of the genus Pseudogracilibacillus Strains: 1, DT7-02 T ; 2, P. auburnensis P-207 T ; 3, P. marinus NIOT-bflm-S4 T . +, Positive; À, negative; PG, phosphatidylglycerol; DPG, diphosphatidylglycerol; PE, phosphatidylethanolamine; APL, aminophospholipid; PL, phospholipid; L, lipid; GL, glycolipid. 
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